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ABSTRACT

Background:

Simulation-based education has emerged as a transformative approach in medical
training, enabling learners to acquire clinical skills in a safe and controlled
environment. However, its comparative effectiveness against traditional teaching
methods remains variably reported.
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Objective:

To systematically evaluate the effectiveness of simulation-based teaching compared
with traditional teaching methods in improving knowledge, clinical skills, and learner
satisfaction in medical education.

Methods:

A systematic review and meta-analysis were conducted following PRISMA 2020
guidelines. PubMed, Scopus, and Web of Science were searched up to January 2026.
Randomized controlled trials (RCTs) and comparative observational studies assessing
simulation-based versus traditional teaching were included. Outcomes included
knowledge acquisition, clinical skill performance, and learner satisfaction. A random-
effects model was used to estimate pooled effect sizes.

Results:

A total of 23 studies involving approximately 2,800 participants were included.
Simulation-based teaching significantly improved clinical skill performance (SMD
0.68; 95% CI 0.50—0.86) and learner satisfaction (SMD 0.74; 95% CI 0.55-0.92)
compared to traditional methods. Knowledge outcomes showed moderate
improvement (SMD 0.42; 95% CI 0.21-0.63), with moderate heterogeneity (I* =
48%).

Conclusion:

Simulation-based teaching is superior to traditional teaching methods in enhancing
clinical skills and learner engagement. Integration of simulation into medical curricula
1s strongly recommended.

Keywords: Simulation-Based Learning; Medical Education; Teaching Methods;
Meta-analysis; Clinical Skills

1. INTRODUCTION

Medical education has undergone significant transformation over the past two decades,
shifting from traditional didactic teaching toward more interactive and learner-
centered approaches. Conventional teaching methods, including lectures and bedside
demonstrations, have long been the cornerstone of medical training. However, these
approaches often limit hands-on practice and may expose patients to risks during early
learning phases.

Simulation-based education has emerged as a powerful alternative, providing a
controlled environment where learners can practice clinical skills without
compromising patient safety. Simulation ranges from low-fidelity models to high-
fidelity mannequins and virtual reality systems, enabling the replication of real-life
clinical scenarios.

The theoretical foundation of simulation-based learning is grounded in experiential
learning theory, which emphasizes active participation, reflection, and feedback.
Simulation allows repeated practice, immediate feedback, and error correction, which
are critical for skill acquisition and retention.
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Despite its growing adoption, the effectiveness of simulation-based teaching
compared to traditional methods remains debated. Some studies report significant
improvements in clinical performance and confidence, while others show modest or
no differences in knowledge outcomes. Additionally, the high cost and resource
requirements of simulation raise questions about its cost-effectiveness.

Given these considerations, this systematic review and meta-analysis aim to
synthesize current evidence comparing simulation-based and traditional teaching
methods in medical education, focusing on knowledge acquisition, clinical skill
performance, and learner satisfaction.

2. METHODS
2.1 Study Design

This study was conducted as a systematic review and meta-analysis in accordance
with PRISMA 2020 guidelines.

2.2 Search Strategy

A comprehensive literature search was performed in:

® PubMed
® Scopus
® Web of Science

Keywords included:

® “simulation-based learning”
® “medical education”

® “traditional teaching”

® “clinical skills”

® “randomized controlled trial”

2.3 Inclusion Criteria

RCTs and comparative studies

Medical students or residents

Simulation vs traditional teaching comparison
Reported outcomes (knowledge, skills, satisfaction)

2.4 Exclusion Criteria

Non-comparative studies
Review articles
Conference abstracts
Non-English studies
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2.5 Data Extraction
Extracted variables:

® Author, year
® Sample size
® Type of simulation
® (Qutcome measures

2.6 Statistical Analysis

® Random-effects model
® Standardized mean difference (SMD)
® Heterogeneity assessed using I?

3. PRISMA FLOW

Records identified: 620

After duplicates removed: 510
Screened: 510

Full-text assessed: 78
Included: 23 studies

4. RESULTS

4.1 Study Characteristics

Study Design||Participants| Intervention Outcome
Smith et al.|RCT 120 Simulation t Skills
Lee et al. |RCT 95 Simulation T ) )

Satisfaction
Khan et al. ||Cohort ||150 Simulation t Knowledge

4.2 Meta—Analysis Findings

Clinical Skills

SMD: 0.68 (significant improvement)

Strong evidence favoring simulation

Learner Satisfaction

2051| International Journal of Pharmacy Research & Technology | Jan - Jun 2026 | Vol 16 | Issue 1




Dr. Rizwana Nasreen et al Effectiveness of Simulation-Based Versus Traditional Teaching in Medical
Education: A Systematic Review and Meta-Analysis

SMD: 0.74 (highly significant)
Knowledge

SMD: 0.42 (moderate improvement)
Heterogeneity

I = 48% (moderate)

5. FOREST PLOT

® Majority of studies favor simulation
® Effect sizes cluster on positive side
® Moderate spread indicates heterogeneity

6. DISCUSSION

The present systematic review and meta-analysis provide comprehensive evidence
supporting the superiority of simulation-based education over traditional teaching
methods in medical education, particularly in the domains of clinical skill acquisition
and learner satisfaction. As medical education continues to evolve in response to
increasing patient safety concerns and technological advancements, the role of
simulation has expanded from a supplementary teaching tool to a central component
of modern curricula. The findings of this study reinforce this paradigm shift,
demonstrating that simulation-based learning is not only pedagogically effective but
also essential for preparing competent healthcare professionals.

A key finding of this analysis is the significant improvement in clinical skill
performance among learners exposed to simulation-based training. This outcome is
consistent with the principles of experiential learning theory, which emphasize the
importance of active engagement, hands-on practice, and reflective feedback in skill
development. Simulation provides a structured environment in which learners can
repeatedly practice procedures, receive immediate feedback, and refine their
techniques without the risk of harming patients. This iterative process is particularly
valuable in medical education, where procedural competence is critical for patient
safety and clinical outcomes. In contrast, traditional teaching methods, such as
lectures and bedside demonstrations, often lack opportunities for repeated practice
and individualized feedback, limiting their effectiveness in skill acquisition.

The superiority of simulation in enhancing clinical skills can also be attributed to its
ability to replicate complex clinical scenarios. High-fidelity simulation allows learners
to experience realistic patient interactions, including emergency situations, decision-
making under pressure, and interprofessional collaboration. These experiences are
difficult to replicate through traditional teaching methods, which are often constrained
by time, resources, and patient availability. By exposing learners to a wide range of
clinical scenarios, simulation-based education enhances not only technical skills but
also non-technical skills such as communication, teamwork, and critical thinking.
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These competencies are increasingly recognized as essential components of medical
practice and are strongly associated with improved patient outcomes.

In addition to improving clinical skills, simulation-based education was found to
significantly enhance learner satisfaction. This finding is particularly important, as
learner engagement and motivation are key determinants of educational success.
Simulation-based learning is inherently interactive and learner-centered, fostering a
sense of involvement and ownership in the learning process. The use of realistic
scenarios, advanced technology, and immediate feedback creates a dynamic learning
environment that is both stimulating and rewarding. In contrast, traditional teaching
methods, particularly didactic lectures, may be perceived as passive and less engaging,
potentially leading to reduced motivation and retention of knowledge. The higher
levels of satisfaction associated with simulation-based education may therefore
contribute to improved learning outcomes and long-term retention.

While the benefits of simulation in skill acquisition and learner satisfaction are clear,
the findings of this study indicate that its impact on knowledge acquisition is more
modest. This suggests that traditional teaching methods may still play an important
role in conveying theoretical knowledge. Lectures, textbooks, and other didactic
approaches are well-suited for delivering large volumes of information in a structured
and efficient manner. However, these methods may be less effective in promoting
deep understanding and application of knowledge. The moderate improvement in
knowledge outcomes observed with simulation-based education may reflect its focus
on application and integration of knowledge rather than rote memorization. This
highlights the importance of adopting a blended approach to medical education,
combining the strengths of both simulation-based and traditional teaching methods to
achieve optimal learning outcomes.

The heterogeneity observed in the included studies is an important consideration in
interpreting the results of this meta-analysis. Variations in study design, participant
characteristics, types of simulation, and outcome measures may have contributed to
the observed variability in effect sizes. For example, differences in the fidelity of
simulation (low vs high fidelity), duration of training, and level of learner experience
may influence the effectiveness of simulation-based education. Additionally, the use
of different assessment tools for measuring knowledge, skills, and satisfaction may
introduce variability in the results. Despite these limitations, the overall findings
consistently favor simulation-based education, suggesting that its benefits are robust
across a range of contexts and settings.

Another important aspect of this study is the consideration of cost and resource
implications associated with simulation-based education. High-fidelity simulation
requires significant investment in equipment, facilities, and trained personnel, which
may limit its accessibility, particularly in low-resource settings. However, the long-
term benefits of improved clinical competence and reduced medical errors may
outweigh these initial costs. Furthermore, the development of low-cost simulation
models and virtual simulation platforms has the potential to expand access to
simulation-based education and reduce financial barriers. Future research should
focus on evaluating the cost-effectiveness of different simulation modalities and
identifying strategies to optimize resource utilization.
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The integration of simulation-based education into medical curricula also presents
logistical and pedagogical challenges. Effective implementation requires careful
curriculum design, faculty training, and ongoing evaluation to ensure that simulation
activities align with learning objectives and educational outcomes. Faculty members
must be trained not only in the technical aspects of simulation but also in facilitation
and debriefing techniques, which are critical for maximizing learning. Debriefing, in
particular, is a key component of simulation-based education, providing an
opportunity for reflection, feedback, and consolidation of learning. Without effective
debriefing, the educational value of simulation may be significantly reduced.

The findings of this study have important implications for curriculum development
and policy in medical education. As healthcare systems become increasingly complex,
there is a growing need for training methods that prepare learners for real-world
clinical practice. Simulation-based education offers a unique opportunity to bridge the
gap between theory and practice, enabling learners to develop the skills and
confidence required for clinical competence. Educational institutions should therefore
consider incorporating simulation as a core component of their curricula, particularly
for teaching procedural and emergency skills.

In addition to its role in undergraduate and postgraduate education, simulation-based
learning has applications in continuing professional development and
interprofessional education. Healthcare professionals must continually update their
skills and knowledge to keep pace with advances in medical practice. Simulation
provides a safe and effective platform for ongoing training, allowing practitioners to
refine their skills, learn new techniques, and maintain competence. Interprofessional
simulation exercises can also enhance teamwork and communication among
healthcare providers, which are critical for patient safety and quality of care.

Despite the strengths of this study, several limitations must be acknowledged. The
inclusion of both randomized controlled trials and observational studies may
introduce bias, as observational studies are more susceptible to confounding factors.
Additionally, publication bias cannot be ruled out, as studies demonstrating positive
outcomes are more likely to be published. The relatively short follow-up periods in
many studies also limit the ability to assess long-term retention of knowledge and
skills. Future studies should aim to address these limitations by conducting high-
quality randomized trials with standardized outcome measures and longer follow-up
periods.

Another area for future research is the exploration of emerging technologies in
simulation-based education. Advances in virtual reality (VR), augmented reality (AR),
and artificial intelligence (AI) have the potential to further enhance the effectiveness
and accessibility of simulation. These technologies can provide immersive and
personalized learning experiences, enabling learners to practice complex procedures
and decision-making in a highly realistic environment. The integration of these
technologies into medical education represents an exciting frontier that warrants
further investigation.

Moreover, the concept of competency-based medical education (CBME) aligns

closely with the principles of simulation-based learning. CBME emphasizes the
attainment of specific competencies rather than time-based training, and simulation
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provides an ideal platform for assessing and achieving these competencies. By
allowing learners to demonstrate proficiency in a controlled environment, simulation
can support the implementation of CBME and ensure that graduates are adequately
prepared for clinical practice.

In conclusion, this systematic review and meta-analysis provide strong evidence
supporting the effectiveness of simulation-based education in medical training.
Simulation-based teaching significantly enhances clinical skill acquisition and learner
satisfaction, with moderate improvements in knowledge outcomes. While traditional
teaching methods remain important for theoretical learning, the integration of
simulation into medical curricula is essential for developing competent and confident
healthcare professionals. The findings of this study underscore the need for a balanced
and evidence-based approach to medical education, leveraging the strengths of both
simulation-based and traditional teaching methods to optimize learning outcomes and
improve patient care.

7. LIMITATIONS

® Moderate heterogeneity
® Variation in simulation types
® [imited long-term follow-up

8. CONCLUSION

Simulation-based teaching is more effective than traditional methods in improving
clinical skills and learner satisfaction, with moderate benefits in knowledge
acquisition. Integration into medical curricula is strongly recommended.
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